In many mammals, the availability of familiar conspecifics in the home environment can affect immune function and morbidity. Numerous sex differences exist in immune responses, but whether the social environment impacts the immune system differently in males and females is not fully understood. This study examined behavioral and physiological responses to simulated bacterial infection in adult male and female Wistar rats housed either with three same-sex non-siblings (Group) or alone (Isolate). Rats were injected with bacterial lipopolysaccharide (Escherichia coli LPS; 150 lg/kg, i.p.), and behavioral (orectic, locomotor, and social) and physiological (thermoregulatory, cytokine, and corticosterone) inflammatory responses were measured. Among males, LPS-induced fever, suppressed locomotor activity, and inhibited feeding behavior and the magnitude of these responses were greater in Isolate relative to Group housed individuals. In contrast, among females group housing exacerbated behavioral and physiological symptoms of simulated infection. LPS treatments elicited IL-1b production in all groups, but plasma IL-1b concentrations were higher and peaked earlier in Isolate relative to Group males, and in Group relative to Isolate females. Furthermore, plasma concentrations of TNFa and IL-2 were higher in Group relative to Isolate males. Plasma corticosterone concentrations did not vary as a function of social housing conditions. Together, the data indicate that the social environment markedly influences innate immune responses. Group housing exacerbates inflammatory responses and sickness behaviors in females, but attenuates these responses in males. These sex differences are mediated in part by differential effects of the social environment on pro-and anti-inflammatory cytokine production.
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Introduction
Social isolation is a powerful risk factor for increased morbidity and mortality (Cacioppo et al., 2000; House, 2001; House et al., 1988) . The stable presence or absence of familiar conspecifics has long been known to alter immune responsiveness in rodent models, with social isolation in particular generally associated with impaired measures of immune function (Edwards et al., 1980; Plaut et al., 1969; Rabin et al., 1987a; Vessey, 1964) . Social isolation impacts diverse aspects of the immune system: individual-relative to group-housing results in decreased mitogen-stimulated lymphocyte proliferation (Bartolomucci et al., 2003; Jessop et al., 1988) , decreased antigen-specific IgG production (Demas et al., 2004; Klein et al., 1997; Shanks et al., 1994) , delayed wound healing (Detillion et al., 2004) , increased parasitic load (Schuster and Schaub, 2001) , and increased tumor growth following tumor cell transplantation (Kerr et al., 1997; Kerr et al., 2001; Strange et al., 2000) across different animal models. The role of social organization (i.e., solitary vs. group-living species) on isolation-induced changes in immunity has received limited empirical study (but see, Klein et al., 1997) .
Independent of social organization, male mammals are at greater risk than females for broad-based morbidity and mortality. This is especially true for the symptoms of bacterial infection, which are exacerbated in males relative to females (Brabin and Brabin, 1992; Grossman, 1985; Schuster and Schaub, 2001 ). This sexual diphenism is regulated in part by a higher expression of the LPS-binding Toll-like receptor-4 (TLR4) and CD14 in macrophages of males relative to females (Marriott et al., 2006) . In addition, endogenous male sex steroids suppress some aspects of cell-mediated immune function (Gaillard and Spinedi, 1998) .
Although rats are a canonical model organism for the study of psychoneuroimmunological mechanisms, interactions between sex and social organization are seldom considered in studies of immune function. We hypothesized that the social environment would alter immunological and behavioral responses to a simulated bacterial infection in a sex-specific manner. To test this hypothesis, male and female Wistar rats that had been raised in social isolation or in social groups were treated with LPS; over the days that followed, body temperature, locomotion, food intake, and social behavior were quantified. To identify immunological and neuroendocrine mechanisms that mediate social and sex 0889-1591/$ -see front matter Ó 2010 Elsevier Inc. All rights reserved. doi:10.1016/j.bbi.2010.03.006
